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(57)Abstract: 

PROBLEM TO BE SOLVED: To emit blue green and green 
light having shorter wavelengths than blue light by employing 
an emission layer where a mixture crystal of potassium 
nitride/indium containing relatively low concentration of 
indium is included, as a light emitting material, in a mother 
phase composed of III nitride compound semiconductor. 
SOLUTION: A light emitting material 1 1 1 composed of III 
nitride compound semiconductor containing indium presents 
in a mother phase 1 1 9 while being dispersed. An emitting 
layer 104 comprising the light emitting material 1 1 1 and the 
mother phase 119 is arranged between a first layer 108 and a 
second phase 109. The majority of light emitting material 1 1 1 
is present on the surface of the first layer 108 and buried in 
the mother phase 1 19 as a result. The light emitting material 
1 1 1 and the first layer 108 principally comprise an identical 
compositional system but the light emitting material 1 1 1 
contains indium. Consequently, they have a different band 
gap and a different lattice constant. Furthermore, a halt-band 
width of emission spectrum becomes narrower. 
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, G a . -, N ir^)\^^7- 03^0 L _E D T-$) r> X.j$. 

ci**]a 3 ] mntmitif u AT-*) 0 . Ks*i4J(c 

[11*31 4 ] m^-b^mtif y A3Z.t4MbT;l^ 5 - '^7 
ilg*<8 nmOTT'ftO, 1 0 0 nmUlT 

5 ] Sffiji^p JfM{kT;u S-'^A-^-'j-^A 

mmmzm.^-t^m'>m^W(r>mm 1 2 n 

m«TT-* 0 . SffiWjp^ *^ 1 5 n xn^XTXh 0 , life 
[0 0 0 1 ] 

^n^^%m-kmLxtsi^^%^=f-[z%h^ . ittc 

ife^Hfe^ro^Ttr-r^t- K (LED) 

10 0 0 2] 

( Z n S e ) 1 1 -VlMt^!^*i»ft;^ 'J Vfb*- 'j '!7 
A (GaP) WbT;l/5-'>A • jSfiJ-^A • ^v->* 
•>A?Ifa (A 1 Ga I nP) Olll - VMt-^tl¥iii*: 
A<^^»]T-*€. ( TN I KKE I ELECTRONIC 
'S 1 9 9 4. 2. 2 8 (no. 6 0 2) J , 9 3~ 1 
0 2H#M) , ftJfiT-ti. ie5ftc7)ll-Vl;^s)cOtilll - 
VMb^!fel¥!9#i|c{-t^LT. -SSiC Alx Ga. I 
n. N(x + y + z= l. O^x, y, zSl) T-IgS 
^n-SS^bT^U^^^-^/A • A-y-^/A . ^ >v''!7Ag^3p^ 

1 1 mmmi\:-^w^'miim^m.^^im%m<r>m^ 

^a^g^ftLEDffliicD^7tli:LT^lJffl$tl^Tl^-S (v 
I"-:)-;!/ rrv-TK 7-f v^'X ( J . Ap p 

l.Phys.).J_g.(12) (1994), 818 
9-819 1H#M) . §)ci-Hig« (TtPJe^: N) ic 

jdo^mt* (Tcjgie-^ : A s ) -^.y > (TtiRia^ : p) i? 
ro^vs^7c«?r«fie^*-t Lx^tsmmittf') a 

(GaNAs) l?roS<b*'')'!7A (GaN) 



(2) 1 0 - 5 6 2 0 2 
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<b#Kb^!|«J^|i«i*t>SSf*3t«r^-r-5. L E Dl|®%3t^ 
. 4 - I 9 2 5.8 h^<L:m.-Bi.mm^^- 2 3 6 4 7 7^, 

'm^m o ±ie-fis:5tt-j^t<^Tx = o(ci^ai- 

^M{b#U A --f Ag^B (Gav In. N:y 
+ z = K z 0 ) (±, Wfe3t^*fcgfeit«r§R|-r-55l7t 
)10«fiJcWI4t LTtte^?tiri>^ (*#^BS5 5-3 8 

3 4^^&a#M) . fifir-tt, l67t8^*5r^M« (@?g 
^) ©lSl^^^4 5 0-:>-yp«-5'- (nm) tt^m^. 

10 ^i6ft«:)|s«) 5 2 5 nmtt-'&M^fel¥©SJgfiL E Di6>'|| 
iS$nTl,>-S (v+zN'^^-Xv-f-^f-yU ;t7* 77*7 
'TK 7-fv^'X(Jpn. J. Appl. Phy 
s.).VoI. 34,Part2,No. 7A(I9 
95)> L797~L 79 9H#M) , 
[0 0 0 3] IB*A^b«at{bT;b5-7A • -^Ag 
fa ( A 1 G a A s ) .¥,L E D tisltiic, 1 1 1 WMitMt 

S<i$n/-c5l3lc;gPtir7*;U'srD (Double He 
t e r 0 : DH) mm-i^m^ir^CDi^-WLmx-h^ 
20 («»JA.«, rr^'f K V^V9X U^'-X(App 
1 . Phy S.Lett.). 64 (13) (199 

4 ) , 1 6 8 7 ~ 1 6 8 9 H) , MC:. m^^Wl^iSE'^n 
Ci> ^3tS;6<^3lc®i:CiS«T% nJf^. p}g^:l:l^lc# 
Sff^^rffiil-r-S 2 S®M<b!fei<b^i|ijf^*)BBitcBeiB$ 

tl/:p ng^5:«;lfcDHffiit5r5l7ta5tt-*(7)74<a0lJ 

x'hi> {B^^mmm^m.mB.m'm.i 1 5gM#m 

1 4 8lHlP52#«if4 (¥jS6^5^ 2 7B) . 1~6H 
#M) . pn^MDH«Jttt--5Ct{cJ:0, ^Tt^r 

yT(carrier: Ji#;) <0||J£-g-$r 
30 < mm T-^ L' ^ -a- ^ C i: *«-e § ^ <b T-S) ^ . 

a^^i^, ri|£ig#;u— 9---cosaij {^-u%^^ BSifa 

6 2^5H 2 0 Ifig^ lBJ5l^f) , imi~7S# 

M) ifmn^xiwtmm(nmtmm'^m\.^i.'e.^^ 
m^c^^^wmmx. e Dic*ijffl-r^a4r-*>^. 

[0 0 0 41 lll(±png^MDH«ig*^f.nt^^7tg|5 
5:<ix./-;Sf*<DWfeL E D^DSl^®1«^©PJa/T^^flJT'*« 

40 (^Jx.(f, -»-• ;f7' /<+i-A 

7 > K x :7 / □ •>•- A ( J . V a c . S c i . T 
echno I . , A) , I 3 (3) ( I 9 9 5) . 7 0 
5-7 1 OM#|S) , {tfe<^rfg/TNMT-t*iiLr (0ij^ 
If, ■V'f ^oiU^' v> — (M 1 c r 0 
electronicsJournal), 25 (19 
9 4), 6 5 1 ~ 6 5 9 H) #M) , WfeL E Dt± ( 0 
0 0 I ) :^{4 (cffl) O^Vr^y (a-A I 2 ^ 
ISb^b) $rStS (10 1) t L, mjtr') 7 A (GaN) 
*^«^./j:^(Sfiijiffi® ( 1 0 2) , ei« (S i ) S: K-t 

50 >7L)tnJgmT;U5-7A • U^) 7A®b^b (A 1 



o. i5Gao.8sN) tfhtS.i>'J^^y"j KB ( 1 0 3) . 
ajUtffiffi (Zn) ^mch'-f'yVLitnmm^tifV 

<yi. • VvAga^B (Gao. 94 I no. 06 

9tm (10 A) . vr^v-^A (Mg) «^K-7°$n/c 

pm<0m{t7JVS.-'yi. ■ ^ij-^AJle^B (A lo.isGa 

0.86N) t>i>fSi^±S!i9'7"j KB ( 1 0 5) , mv<^ 

r ^ V A K - f > r $ ti/i p momtif u ■^^ a *^ f, 

ti^ziy^^ ( 1 0 6) *^f.tt^$n^tWi:n£o 
rt,>'5. (10 7) (iinf>Onff^M{t7;b5- 

'>A-#"j'!7ASSJ14rTg|5i'7-y KJi (1 0 3) . n 

4) , pJgM{bT;l/5-'^A • #'J■:;ASa^Bg$:±g|J^' 
7 y Kg ( 1 0 5) t LT«fiE$4ari,>*, mJiWEPi^ 
lcJ:-prnJ|g(DTSP^7 y KJl ( 1 0 3 ) 
-Sm? (electron) t pfl5(0±SP^ 7 -y Kg*^ 
^ttlS^n^IEa (hole) $r|Rl3tg|^(c rMCil^^ii) 
-5 J CtiS:,miaLfcDH«jit/i-pr<,^So -P^> Hffl 
^c^^t$nT^^-S»feLED®2c!^1';^->H«5>ff?^ (^ 
BS^: S IMS) (-{S0ffliJS$n/=1ifiK7c*3fet>'(cK- 

/^•>^©gil$?3lfiJCDjg)^^?u (f'-/x-rn7T'r;b (d 

epth profile) 1:11 2 (cjf ^-t^, «fiK5c 
«r-fe^#|J':7A (^^IB^: Ga) , T;U5^'>A 
(7C*ie^ : A 1 ) :S^l>'-i' A {Jtm^^ : l n) 
3fer>*icg|| (tESIB^: N) ©SayD7Ti';u*^b*iJ 

Sfft^ic, ftftgr-fe^nv^?^ hH (1 0 6) ^^-i^g 

TtB ( 1 0 4 ) {cM^«fie(i^a$nrc>-s$D< T-$>^ 

( r«^tlSa<I^^ISj ,Vol. 78. No. 7 
( 1 9 9 5^7^) . 6 8 3-6 8 8M#M) . L*^ 

m#') •!7 A • yv'^ uwiW^iy^hfi^^nm ( I 

0 4) ®Tg|5(ciaa$nTt-^-S(D(i, fiaj!D< corpus 

-■>A|i«Sr 1 5%tiS<f -SA lo. isGao.ssNTHi 
fl<. M^b^'J-^A (GaN) t±T;U5-'^Ai|i 
figit^r l%*}ii:/h$<-r^MfbT;u5-'>A • is^)'i 

•^'Vv'^AgSg (Gax In,-x N) > 

v'>A©fij5!citf±i;^at'fco 0. 0 6 (6%) r-fe^ 

^(•»-:J-;U ^'UX^'^U ra-X(J.Cr 

'ystal Growth. 145 (1994). 91 

1 ~ 9 1 4 H#!ie) o 

[0 0 0 5] %m<DTS^9y-y b'mAmt^') '>AT'S>' 
n. 7;bS^>!7A (A 1 ) aWM{b#'J -^AT-fetl. ^ 

•insStfeL E D3ttf(cf^iai-t*Jf feL E D(c:J)oT 
li. ±S|5J'7'y K)ii:1--5M{k7;U5-':7A • ^-iJr^A 

rta^alli P mr-^ 0 . Mfb# 'J A (JifeL E D ICS) o 

T(±Gao.95l no.osNg) i^ipfii>TS^C 7 v K®1± 



(3) ItUgiP 1 0 - 5 6 2 0 2 
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TtetLTffA^nrv^i., afflM'^CMl- J; otitis© D 
H«ii©«fiK4:8lS-rn{f> njg®^l«lll KM{b!t^ 

.{b^ti.*i»^*p. (0ij^.cf. i:m.7.^.m)...t.p.m.m.i 

1 jKmti{b-&ti*«#ji (^j^if. ±gi5^'7-y b-m) 
tro^feitcii 1 :KS<bti<t-^^tii»i**^^;^i^iii7tSi6^ 

SP^'^'y K)lt(±^7tB$r/M.r^rBTO(-llgi$nri,> 

tTm^*fl<]tcai'^ti(f. p}gS{b7;u^-'>A • 7!/y ■!7 
10 AS^ (Alo. isGacasN) *^'^/S'5±g|5i'^-y KB 
(10 5) lim^U-^A • ^ Vv-^Afl^ (Gao. 94 
Ino.oeN) ^^-^nc^^^tg ( 1 0 4 ) (dJiO. 
fb^'J-^A (GaN) OTgPi'7-y Kg ( 1 0 3 ) i:^ 

^9 7y t^f-am^^nMbr^^^oim^tmx' 

SoT. ±^97y KgiTSE^'V'y Kgtliil^'sx 

[0 0 0 6] II 3 iim^(o 1 1 1 B^mt-^^^m^ 

K7-fv5'X (Jpn. J. App 1. Phys. ) . 
Vol. 34. Part 2. No. 1 OB (19 9 
5 ) . L 1 3 3 2 ~L 1 3 3 5H#M) . ^^Unm^ 
SrS-Slc. Kg ( 1 0 5) {±»feLED©lt 

'^tm\s<mtriii.=-'yi^ • trv '>a?i^bt-*>-i>„ t 

^fi5^7 y Kg ( 1 0 3) (CtlsJbXgfb^U'^A (Ga 

N) tmm^nx\,^i. ( i o 4) ii±iBo»fe 

LEDi:P.L:<-^{±<5S{b#'J'^A • -f Vv-izAg^^x 

^.Wfig^tiri-x-s, fit. -eo'f >v'!7Affli5Sci±(±o. 

30 4 5 i:^l«)rii50o WfeJ: 0 tft«ftO|l7t$:?#-5)t46 
icti. Vv'^AfflfiEit'&J; t)±tt^mitif') A . 
f > V '> Ag^sg ® *^'i^**x f> O5i0ij-e$. o 

S{b$-ti-^(ct±. -f >v'>Affifigit5rO. ZOA^ibO. 

7 o^tmtats-^t^-awt^^^tz (.mih<ojpn. j. 

Appl. Phys.). Vol. 34.Part2. 
No. 7A(1995).L798 H*5:;tK#M) <. 
[0 0 0 71 L*-L/i£*<b. 0ij;t{f. ill mMimit^ 

40 «^:»S?ail)5)cft?± (-SSlc. MOCVD. MOVPE 
fJ-HbS^Witii, ) (c*.oTt. StfeLEDIc^Ttl 
t LTa?ffl$nri>«G ao.55 1 no.45Nl?©ig-f >v? 

A(7)fflj5gi;b©Mfb#i; -^A • y-y-yL^m^am^nM 

-tfij^^ifntj. ^^amz^n^mitif') -^a • ^ >v 
'^'AS^B^rfl^tctifigftjsjSjter/izfiKftaa. IP*.. M 

(i^M¥6 - 2 0 9 1 2 2^i>«#BS) , |gic. ^jtg 
50 t LTfiJfflf •) . S^b*" ')<^L,- 4 AS^g 



X (^BSft;: PL) mmr>r^ M^^^^itmwMmi^ 

e (7 7- K {T)l\i» ) ^«)(SSlcS^OTffiM(cH- 

®l±. •3Pja/T>^tiTl>^«H (mi¥6 - 2 0 9 
1 2 2#^^#)1) J:0!E»c««ffc$nA:g«)Tai^ig 

[0 0 0 8] SLr^> III i^llif4(0figfiSK,?.^ro{« 

«lc(±^«S««rffijS8(c{aT$Hi-«'iJS*<4-f'5 (Ap 
pi. Phys. Lett. . 59 (1991). 22 
5 1 -2 2 5 3H#M) » Wi^Kt^ -i U(n%W^ 
fi!cJ:t5r*^0. 4 5 (cig^L /-cl©^. 151+® OOJifeL E 
D©5l7t®i LT?iJffl$n-l. ICS'S -f Vv-^AfflfigJt** 

0.45 x^^wcu^) '^u - ^ yj'ium.^sm (G a 

0.55I no.dsN) ^rffM-f-SUli. fiKftSJS?: 5 0 Ot 

(±. 5 0 OtifiiK(D{£S-e(±m3!rU -^A • ^' >->-.!7A 
SfB(^|!S^Btt(wgi^!!a;ffiT5rJS < ©li^il^^o^ll -5. 
(NIKKEI MATERIALS TECHNOL 
OGY94.4(no. 140) (1994). 48~ 
5 5H(;*.or. 5 3 Mw*3S:;t1H#M#M) . tear- 

X) (4ii-a-f>nni:i^ ii*ti-rn(f. wfe-totssft© 

mt^W^\.x%^ >v':7Affi^Jt©gfl:#V A • ^' 

[0 0 0 91 SIC. igl5-rn{fSft#U -I^a • ^' v:;^ 

A?lB^B$rMO C V Dfilc J; OteSr-fi!c:g$-ti-'S^lct±. 
Ill ]^^li?4iV;KS«lp^4tro^^fP^^^)$roffiiIA^ 

f,. -f Ap!cl>li#ljH7A»ig?g;!)^M««!t^»ScS 

icj; M^b^-'J A • ^ y'y'^um.Wmti'hfi^n^ 
[0 0 10] 
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AfifigJ:b<DMb#U '^ A • /f >v'!7ASlS*l5>)S*5SJt 
;^l4fi¥v^$n^o L*^L. ^^^^^ htzi^-tJ^^ 

-^^'y-y^^i-^^jfim^tott-^mLxh. m-^ 
10 a]*>. »fe^jtsr*)fc^.^ge*©'r vi^^Affifig 

it^ 0 . 0 6 i:J±6^W/J^$ < -r-5Mb#y '17 A • ^ >->' 
■^AgS (Gao.94 1 no-oeN) %:mxtz^^^0)mi^ 
ti. ^©*Sr-{4WiHife^in±JifeLEDfflj^©^7tS 
icttm*i6lcte<bT'#nti\ W^T'ii. af*t(iHflb*> 
lcS'^<£-&|g3tgc7)1«figi|l3tS[5©ti^«j5£. IP^IIliK 

s<b!^{b-&!t^i|ii»^**> ^. ti -se^attiic. fiKM*>*^ST-s. 

•5J±i^W{£SJt®-< Vv't' A^r^WT'SSfb*''; A • 
-f > V Ag^B**B^B#:?r5l7ti* t L T#t,-%^fe^ 5rffiffl 

•i>. 

[0 0 1 1] 

[iss?:fiia-r-i.fc46©#fsi IP*,, ^mmi. ( 1 ) 

5l7tg5r±T©^'7-y Klr•tt^/s'A Ix Ga.-« N.^ 

5''7';l''sxD^itcDLEDT-*-pT. K5l7^)i;i)^*A 1 x 
Ga.-x N^^'^./U^Sffi^lcA Ix Ga.v 1 n,-x-.v N 
t^j: a^/J 4iFai^^mtE L ^7^)1 5r leg L tz^^m 

^^m^i^mt^, *^Bflr-(4<5ciB® (2) 3S~ 

( 5 ) m<Dmm^ms.-t^^^w%:^t'^^m^mz^ 
30 7tgi5®«-&«fi!c^<ixfc ( 1 ) iztimomm&m^m'F 

%:mmt^h<ox$>i. ( 2 ) 5l7fe<*©*Si«®Jf iDic 

m\ m^m<r>mmi:t£tmm(omm%:m'p^-\txtii, 
ztmmtt^ (1) (Dm&&m^m=Fo itic. 

( 3 ) ilg^ 5 nmJitTt-r.5BS^4>J(0^/J^|ga^B#:*^f> 
m^-'J-^A (GaN) «if4SrS#;t L 

^mt^ ( 1 ) TiM ( 2 ) 

( 4 ) Bssr 8 nmitnt-rmn^om^mm^^'^ 

40 /<J-S>5l7t<*?r. ®)??r 5 0 nmOTt+'SSfb^'U A 
(GaN) SL.<lim7;l/5-'^A • # 'J -t^ AgB^iW 

( 1 ) ( 2 ) <7)^iS^g%7t*^, ( 5 ) mmi: 1 2 

n mJilT i: -t -S ffi|««WgS/jN*SB^B#A^ b 'it -5. %3t<*5r . 
®)?& 1 5 nm&.Ttt^mitrill-'^l^ • -^A 

Mikm^^wt Lxm&^ni>mm'pizm^Lxt£^ 

* ( 1 ) TiM ( 2 ) ©^SftlgTt^^o 
50 [0 0 12] *?6B^T?l4fi!a±. H 1 )ltl4fl3t)S©« 



(5) 



nmW- 1 0 - 5 6 2 0 2 



i:&0-'m2gl±-lSit;Alx Ga.v N (x + y- U 0 
S X . y ^ 1 ) -VimtiX^mtiJ 'J A3F.e L < {±a 
{t7 $ ^ A . # 'J Ags^cD 1 1 iS^M^bi^fb^ti 10 

^ti##A^^«figi--S,„ tfz^ A Gav N. P,-» 

(0<ag 1 ) St>*A 1 X Gay Nb As,-b (0<b 
SI) T-«$n*J;-9(;:. M^J^^I-tcUv (p) -^t* 

(As) mommTtm^-ktimm^t-^m^mwiyh 

[0 0 131 m lgi:*2Jili|Hl-©!^«*>b«fi!cLT 

Sa^rfitta. 1 X 1 0'«cm-^S:S^. iii^5x 1 0'«c 
m-^*)itU, +l''JTjiKSr:^R, iis^)5x 1 0"cm 20 
-^^^fi^. *^5x 1 0'«cm-^t1-^(Di()<ja-r^. ^% 

wo-rvmtLx%m-t^y^ i ^(^gipti*^ i . 5 ~ 

ffiJta, *^l 0'»cin-^~l 0'«cm-^T-*.^r, +-f U 

7^mt \ 0'«cm-^lcij;i1-^ii^i>*.^. migS 
0-'ll2g<^J?KM(c{±. Wm^Sm*ifi!cfi (MOCVD) 30 
^fe^/sDyv:^iC-^/N^ K^-r F (hyd r i de) 
itlcfi!<-S.MfflW^j:a«* (VPE) fi, ^KAtttz'^ 
=FB^ f ^J' + ■> + ;u ( M B E ) t**^'?iJffl^t^T'*) 
cn'i<DaffifigSa(c)Kl^Tli. ffilS (Zn) , 

■J u-^A (Be) ^* Ks-^^A (cd) mo>7L^mmm 

®LTttffl-e#^. S« (S i ) . ^ (Sn) . 
*(S) ^-trUV (Se) IfOSlVS^St/^VlK^cSltiC 

n ^. c7)mffifi£g?i J: ^ II I mmimit^f^^mwrn <r> 

10 0 14] ±l2«)mMSL<lim2il?:jifi£-r-l>ll 

B^s{bm^ti¥«#^£fttLTj$*c 

5 0%5r^;l*^i:lr^T„ ^ij^lf. W>\m^mitiJ') * 

E (*©: eV) = 1 . 2 4X10 
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(GaN) *^f>«fiEi-^it^ii. ^ftwnmmtm 
{b#'J'>AeL<(±S{b^r';'>A^:i#t^^iii litS 

-•^'Aja^^risi— i:-r'5.g{b7;uS-'!7A • ^'J-^A?! 

[0 0 1 51 efflw«(^?s«E$-a-^^>t#i±, ^ 

A (I n) $:#WL/cA U G a.v I n ,_x-.v N (/sfc* 
t> 0<x + y< 1) *^^>/<t^lll jsm!^<b^^« 

a^a. ^MB^Bseini|fB^a«#:^L< {i^n'^*<?IfiLr^j: 
-i>»/h''j:MS#$:E'9, 0 lgt?S>.i.A 1 X Ga,-x N 
^^B±(cAlx Gay In,-x-y NSrfigfi^-ar^fcfe© 

>vH7A§r-amSB^BCiA 1 X Ga.-x m^WB<D±.lzmk 

[0 0 161 ^T^^tLT^-Vv-^A^^W-t^lII 

A«#WM<^iaSS(-J:0^<O$SBl.^©«il:«i|iS (^n'V f 
4^1' -y 7") ?r^S?ft®pI«7t«)5l7tlcja-r-|,t©ti:S 
ICT-§-S*^f>T-S)^, Mbl'Vv'^A (I nN) (iMfb 
A-y-^A (GaN) ■^M^b7;U5i'>A (A 1 N) s£l± 

mb*'^'* (BN) mn-wmttijt^^w mmimit 

^^^mmz^-?r. mh'b^fi!i/j\ . 8~i. gxu 
7 hn h (eV) ro,^±^i|i5rW1--5.¥«#:T-S) 

^Hf^mWf^^^Xi ( 1 9 7 3^9^15 0, (M) 

B^mmmmmm^mi) , a 9 9m#m) . s^-o 

S^bl- Vv'^Ai:-enct0fc«ii:^|is5r;^i:1--S.a 
{b!|^<b^¥«f*;trofmbicj;0. »fesgl>{±«^fel? 

7'$rWt«'i' >v'>A#WJSfB#:*^ffM$ti-l., ^Jx. 
a. mitiJ'') -^Atafb-f" Vv'^Atrotl^aT-S.^g^b 
*''J'>A • I" Vv-^AtCferjTti, -rvv-^Aroffl^it 

J: o r.^lh^lii $:Mb# U A cD^ih^liT-* 
3. 4 e Vi^'ig'fb'f >v'>A©'^n-e*'i.|^2 e VCD 
mr'm±^^<0Mitt^¥f-^^tii, (miaio!|t<2'Bg5 5- 

3 8 3 A^{£:m^m) . ME-r^^ ( I ) ic^^ns* 

ft ( A : ^^4n m) cDx U 7 h d h ( e V) ^fu 
(OJ:.if.)V^- (E) -N-ro-^fi^^i^WiCi-tStitf, i^fi 
?r4 5 0 :)-y^-:?- (nm) ]a^i:1-*WfenI?f3t«r 

7t^*!cStr'^-5.0t±i^;b4-'-+> yy5r*^2. 3 6 e 

=' /A iC(l) 



. 9 V 

[0 0 171 *5IHflT'{±, I" Vv-^A^WroA 1 X G a 

W^mfS.i-^izi,^r^ vv-^^AffljiScJt ( 1 -X- 
y) iifiKKro$Stt^Sgtt*^b2 0%lilTt1-^, ^ 
MtL<(±2%J«U:l 5%J«lTt-t-l>. iN^feWofg 

/i ?.-r (cWffl $ nr I, ^•5. js* < ig-r > V ■> 

[0 0 1 81 -r Vv-^AOfflfiEJtJi. «»J;tlf^Sr-©7 
t bn^s.^-j-b>7. (iiS*i;:PL) hiiir^^mm 
r-t-l.. ia4(±7>K-7"nmft#U'^A (GaN) 

E) ?7SroMOCVD?£T-8 3 0 1 T-fi£g$-ti-fcJilP?r 
Onmt-t^a* (S i ) h'-^TmitifU I. - -i 
>v'>A^^B#: (-rVv^A^gfigit 1 -x-y=6%) 

ft*' i; A • -1- > 0 A$*gi,^$:;6<j# lin-s, -f > ->- -> A 
iia^ I - X - y 2 0 %j«^ToJS^, iijE^sfiScsaa 

KH{±7 5 0 -8 5 Ot:©®HT-*-i>„ |114^c,T^■t1f 
ICx JS^S3 6 0 nmiG^©Mfb>(rU 7Ao/n*> K (b a 
nd) l-;HciD;t, i|stj3 8 Onmifi^rojg^ 

Sicifi^^^IMt^m^U -^A . ^' V':;t7A(c!HFW® 

(peak) ^^Jiiat^, t-^^A^ajS-f-Sffi: 
It (.m^&S) Vv-^Aroffifigit^i^dti 

x\,^^^yi^'^mi&ittomim m<i>ssb 5-38 

i^'!'Affi^itS:6% (0. 0 6) t-T'Saft^'J'^A • 

-f Vv'!? A$S^#:^Nf>5Hi-^,n.|)fi^^'}.X'<^' h;Ut'- 
;'©ffig{i&*(cLT*^ 3 8 0 nmr-S)i., ifi^^U'^ 
> h^UiM^b^'J A . ^ y'J'^L.{z^% (S i ) l¥© 

a^BSl-tli;^-r.5.o co/cfe. ^' vv-^AfflfiXit^JzOFa 
(£t;:*to^ci:*<T-#^, MIS (Zn) m<D7 "7 
•b-/5'-;F*i6t|;i<^JO$tlfcS{b*'U -^A • ^ >v?->A 

[0 0 191 *^B^T-li, %7t<*^BS»tti:LTl,>-S., 

(Dmk^mimxmTr^t^. wtv^ ( i 1 3 ~ i 1 e ) 



(6) !RfP^¥ 1 0- 5 6 2 0 2 

10 

ro^< l±*5|D^®5;-9^ 1^(108) ±{c:ffJfiE$nr 
%7t^®Jg«l±BS]*#: (116) -eS-Sit^*-*^ 
. _ _L\-E1»J-LK 3.) HBS^^ttTtt'U < ¥«t)5©5l7t#:-e _ 
S>^o ¥«tt#oaffi(i¥aT'*^Ji-& (114) 
•9, (115) l?«)fflii*^^.«fiK$^^-c^^-l.Ji^ 

@5K|S^hT/TNt©**¥«tR^?t^ ( 1 1 
3) Oi^$T-*^„ Pll4'l-i5-§-HT-ji/T^-r-g.(7);6<igg( 

•5. Sfc, |l5{ciS-§T-C^f(0*<BS^*^(0|l3t#©ii 
[0 0 2 01 ^7t^*$rHffSI1-^^7t»g(cil^-r^;*:# 

$ (aH«) ©effltftitf. nits^ftro^s^bicsi^ 

20 WfiJ-e^-S, *5IB«T'Ci, ^7¥;©45'ijJSft5ri|^4 2 0 ^ 
(nm) t^hm^ 7 0 nmO»fe«ltO|l5t 
?r}f-l.fcfe(^^7t#:(0S$ (Wi) ?r5nmJi(Tt-t 
-&= ^^tt»^7ti*ic*r5Tti. jlg?r|HlL-< SnmJ^^ 
Ttf ^, ilf5Sr5nnit-t-5«0#« (F^^SI) (±*^ 
5. 2xlO-'«c m^* T-*) . affi«t± 3 . IX 1 
0-'^ cm^ tts.^, 5l7ti*(^K$H)cl,n±ilg;6'5 nm 

r 5l7t^©iIS{± 5 n mX>XYX'U% L < 
(i. 1^ 1 ~3 nmco|EH(ciR|ft-r^. ltt^m«5r!^lfi 

0 (0 5 #M : |5llil(ci5^ r Tvt^I") , SifWaS^^*^ 
R-e^x-T) . 

[0 0 2 1 1 5 nmJ;0«<^, |g7ti*(DilSS:ti*D$-li- 

mOTt-r^S C i: (c J: 0 »*lfe^J|fel|0*SfeiP.8t©PI 
5t*<^'=>n^, »*t<t4. *^4~^S^J5nmro|gHt•f 
•i.Ci:T•^g^g^Jt^|^4 8 0-5 10 nmt-r-SW*ife 
?,iKcO|l3tAn#'in^. MIC. ^7t#:ro;>c^$5r 1 2 n 
mJilT, »t L < li 5 n mmlJ^t-rntJ. Sg^^jstfeJ^ 
5 2 0~*«)5 3 0 nmi:1-'l.|iEiisifeCD^^t5r?#-5Ci:*< 

[0 0 2 21 ^it^<nmtW^^\.tm^^^%tMzW^ 

50 «fta«©ffl*^b-ti:(cJ:»)8i^$n-l.!t#Sni:igffl (h? 



' .11 ' . 

iboimm^- 2 0 9 1 2'2^^s#M) mmt^a 

•5. Iti-, MOCVDffi(cJ:0M{t#U'>A . -f-vv-^ 
A«:fia^1--S.I-*A:i3-liefi*llcfiJffl$nTl^*lll iSsTC 
Momnt Lx h u ^tg^;!/*-'; 't'A ( (CH3 ) 3 G 

a) St)-'MJy^;l'<'>v'?A ( (CH3 ) 3 In) 

sr, v®^«)S«^jf4t LT7v^-7 (NH3 ) imm 

t t,miR<D^m±1jm 5 c mtcM-S^IiSF^T-T > v-!; A 

l''^±IB(D;Ui' X ( L e w i s ) iftt© h U y ^^U-f > 

i/^'D'O^' V-i::i;H' >vH7i. (Cs H5 I n ) t 
LTfeCJ. Electron. Mater. , 25 
(3) (1996). 407-409 H#M) , ±15® 

tmm^O}V^ X . ( L e w i s ) KTOttMoWMfc 
<S^-f, IP*.. yl^-fX (Lew i s) ltSr-4.-i>7>t 
-7 i:©«^#:<traC©W*l-«c#-B-r ( J . C r y s 
tal Growth. 107 (1991). 360- 

3 6 4M#M) . ^(Dmi^m'^<7)imi<mW:X$>^z 

t%:I^LX\,^i,, tlfoT. S«iilc7>*-7tcgb 
-5«lJ;t{J. t K7v> (NHz -NHz ) SlSJ/^f^/U 

t K7 v>^® t K7->->®^ig#:Jl§)cl>ti7 $ >3il? 

[0 0 2 31 ±i5©liif4;VX*B5®^?I^liS^li«!t^fc 
-5|ga^BS«O^M*^'i^iI:)^I^Ic|^ 5 c mM-i-^FBl^M 

mm-t^z.t^h^x^mBi<mi$.$Hi, ^^.m^n^iz 
:'35CMocvDRK:iicj®-r -1.^(7)4: Lxmm.^ntz^m. 

)^f4!@AfflgB^ (117) 5:aij:Tliif4*'X$r|gtiii«tl 

(1 18) ommizmi^t^ (.oifi^mi) tztbu^s. 
^ntzJX)\, (12 0) n\.zm\^n^,.mm^m>m 
\:<mmwmmxm^m ( 1 2 1 ) $:jii;Tyx;u ( i 



(7) !ttF»l¥ 1 0 - 5 6 2 0 2 

12 

2 0) F^liPlcmilg^ni.. ^^^'^.©IIif4#xl±fiKft^g^ 
^\,z^Ctzm3m\zm . yX;l/ ( 1 2 0) l^g?«rT:/3 
C0«iS«tl.Sffi(cp](tT^K)t*.o yXA (1.2.0.) © 

/■c#£ti(7L?rte?tt(ciegL/im 1 ©P3JgffiiJlS ( 1 2 
2 ) ®±ffi(ciiJ^LA:^. ^ 1 <r>im^ ( 1 2 2 ) »T 
SfflU (»ii«%«Si'l) icacmSSroraPS^rPirrig 
il$n/i^2®njgffitit^S (12 3) i:OSfa1(cgf.A-t 

-5, m 2 ©ffitfeisti^ 1 (oim.is.t^mmi<Di^w.i^ 

10 «^ LTfe 0 . as U ^ - h (mm) fiaopgjgoffiit 

1^-5. m 2 (OmLmt^O^mLVit^W, 1 ®ffiti(«(Dll£ft!( 

-^^%ti\,>mz. IP*>. liiis4*'x©B§J9il73ifi]'\o- 

0 . WmiSXCnW. 1 2 ®Sitit« ( ( 1 2 2 ) St>' 

(12 3)) t<r>^mff)^fim$L\,z■umsy^^m^^^t 
^ :itti^oimtti 0 . w^if7.m5.(r>^mm.-^i)<mz 

20 ( 1 2 2 ) o±is (iii4#x«Aifl) [tmmm ( 1 1 

8)®:ft®*^f>4. 5 cm®i^$(C{igLT^,^*. 

i6(c. -T >v'>Aig||®iii|!4*'x5r/-?;i/X (p i us,) 
m^Vmizm^t^^^ ( J . C r y s t a l G r- b 
wth. 93 ( 1988). 201-206 H#m) ^ 

^mm^mi^^mmwi.'^^mixmiit. ^14 ^vx® 

K— 7* (modulation dope) 
30 mMh7>->'x5' (MODFET) fflji®^iSK-f> 

r^l^«l^t:^©^ft(^-)lsfi*)t;^|Jffl$n'5T';^^' (s) f 

•?.*?£) i^muLtzijm^mmuzm'^xh. mmmm 
o)^miWMifm<Di^-fji-&mm^t^'&simtz 

$Hx\,^iztmmt-ttni. *ii8fl/!)Wx-t^tc 

1, -:>xumx^i. 

40 [0 0 2 41 *5IB^T-(i. ^7t^5rWiWif4i:ll7tftt 
O^I^^^d^-iffM-r^. Il7t#(4. ^ 1 JISL < tim 2 

^7t#;®iiH(c tb Jfe-S tt ifelM ^j:)C;^»li ?rf Ith-r •?. fc 46 

i:m&i-^'jm*<s>^tztf)m^<oMmim^t^ff)m^^ 
^'imi^x'omi&x-mz o%:k^< m< ) 
ti>'^mi^$>^o ^^w<ommizMLX2 o%%:m^^ 
mmommx'iitui. mn.f^^m$%itiz^m-t^zt 
50 *<T-§*, ^mn^9momm(om:kmimj>i 



[0 0 2 5] mnz:^^mimh^^9tm<r)m^o>-m 

mn'^t^. f > V 1 1 immt^mmw 

*^t>/J:-55l7ti* (111) (B5iBll5tf©l 13-11 
6Sr#t;to-e*>*) liSffi (119) i^ic»»u-r# 

b^a s-g r ownttffilcJ*t^-S5l7tS5:l£)MttOffi 
A*>f.?|2-r-5iJ:. iie*®|l3tB©$n<)g)l*riBijcsg»,>i± 

<om:m<onmtt^tC^X'&^, (Ill) 

tsffl (119) ti^iu^^^m ( 1 0 4 ) {i» 1 g 

(10 8) t^2S (1 0 9) b(0'pmz.lE.mti>. ^ 

^^(orn^w ( 1 I 1 ) 1 g ( 1 0 8 ) ««ffi±(c 
m^L. ^m.m=^mm ( 1 1 9) p^icm^uzmmtfj. 

izmi-^ir^„ S Ig ( 1 0 8) ^B±lc^4L/c5l 
7t«: ( 1 1 1 ) ±lc:2<?:Ml^fi!cg-r'S.5l7¥:#t#ft-r* 
-6^ :^^if©^7t#; (111) roSB^ti^ 1 @ ( i 0 

8) izmmLx\.^i, f^^i^ ( 1 1 1) t^ig (1 0 

8) tii. m-(Dmf&^m-. (Ill mmmit-^'^m 
w?k) ti^ht4.i,h(o<D. mt^^ (111) (cti-r >->*'> 

(ommm.. bii*>. ( 1 1 1 ) ^egpi^ts^^Fs 

itztblz^ *^B^T-Ci^7t# (111) roUffl^S ig 

tm-o\i\ ^imit-^^^^m^^^j.mm (i i 
[0 0 2 6] mmt-wmiskh^mnrntmitt^hti 

^?l7tS|5$r/TN-rt«T-*^, 1111114. S2g ( 1 0 9) 
5:> ^7ti*(ci4LT^lglr±l2l€.tS^;F3g^a?:#^ 

'^A (GaN) . 5l7ti*$:m*'>J -^7 A • -<>->' -^AJ* 
f8#;, ;Rl>'lg2g?rmT;U5^':7A • A'l) -^Afla^at 

ir^mij^zmzm^th. ^^ik<o^^w ( 1 1 i ) © 
^u\.tm\m (10 8) (ctgMLTfco, -e-wgftt^ffi 



(8) 1 0 - 5 6 2 0 2 

14 

iclim 1 g ( 1 0 8 ) t ©IS^iT^S^IttcSoX IS^M 

^U^^M'0..M^n^^(O\S.UszM^i^\.z^^}^x^ 

M^m2m(ommm^^wtLxw.m-tni.i^ m^w 
<r)mm\zmtf^mf}^^^'ri±t-tii5^x)^n.it-t^ 

\,z^^t)^i>^, mitif^j-yi^ (GaN) . mit-iyj-y 

A ( I nN) 2^l>'M{fcT;b5-'>A (A 1 ) t±l^f4at 
10 S» (3. 5 3 3 4-vrxhD-A (A) ) «r*L, S 

^fc7;^5-';7A*^•a^)/^$l^t&?^aT•*^3. i i i 
A?rwr. mt:^') '^Mtm^'O'pfun 3 . 1 a 0 a« 

t&?Sa$rfcoTi>-5 (#« ||«|?, rill -vMk 

-^t)¥iS#;j ( 1 9 9 4^5^20 BWn) . 1 4 8 H 

(omi. i#M) , ts^sifrosmMt-r >v 

'!'Ai:S{bT;uS-'^Ara^-eft:;*;i:;U^. fit-pT, 

i^kt^mitifO'yi. • A^s^*t®tS^Mci 

-yxi^iom^in^ztttj.^. 

20 [0 0 2 71 Wfefl3fe$rt)tf>-fOi:|l|-©'r>v?H7A 

*afi£J±lrW-r-S.Mb*'U A • ^' > v'>A^S#;t?S)-3 
xh. ■^(D^^W(OiK^^^^r)±t-t^i,zj]u^. Sffl 

tt*4roii«(cj; 0 wfe<t •) hm&mm(o^^i's^Lx 

g^^j:-rMrbT;u;^'!7A • #') '!? AgHAMi^jjg-r^ 

*§^Sr2%J«l± 1 0%Ji^T<!:-r'5m#U -^^A • ^ >v 
'i'Ai^SI^Tis*^, T;u5i';7Aiia^j±*<«E<a, 1 

0%'km^tzmitr)Vl'yL. ■ '^Aga^/4^^>s^g5: 
30 ^JS-r^ tm^mm&%: a 9 0 nmia^ft-SffJife 

^mo^mm^LxmibH^, s»c. 1 5% (0. 1 

5) mm<Dr)viz^'yi.m.imt(om^§'kmfS.t^mit7 
;b;ir;7A • #1) '^AfiBB^g*vf,/j:^s+@(i, m&^m 
<D^n.\zh -p -r-£-(OSi7tif'L«^«)$£{b3teu-'(ci£)-{b 

i-^ii^ ^^w^Mtmmtnmmzjsi-ox^-f^^^w- 

^MWlSi.<r>WO%^\zm^^%W^Mym<.zPM^/<> 

40 [0 0 2 81 ^1 m(r>mM±.\,z±.tm^mm.-^m.m^m 

i/n 1 gsr«i-iii m.m<t'^^m';¥a.wt-r^ 

mmt Lxfi$.§,i^mi^mn\z'^^-t^^tmtmii 
hn^. %\miz\xmLx%im(ommAP,a.wtL 
xmmt LXfik^iLxh^wm-^^ir^^mtmh 
n^, z.nh(r)Wi.\,t. ^hi.m9tW(r>B.m<.zm\mis 

^ig^5:j#'i.-#?±T^^, ag:^jC(c(4. ^^w^m 

50 roflfitc, fiS^Slt'^roi' >v':7AlSf4ro«*&fi?:iIfigW 



fi»jA«. I? 1 is«®±'^s{t*'y -i? A • -I- A 

-^l/^r >->--> A (Cs Hs I n ( I ) ) - h 

'J-^/A ( (CHa ) 3 Ga) -7>*-T (NH3 ) K 

m^^^m Lt 8 3 0 1 -riW-itif U A • f > '^7 AS 

fig^n*. jflf oii:*:lcffl^>l' yv^umUfm.'^K.x 
m# y -^7 A • ^ > A tMfb*" u A i ommifi 

[0 0 2 91 (1 0 7) ti^ie (1 0 8) tm 

2^(109) t. m^n'pfin^^m.i-^^^m ( i o 

Mb!^ft^tl*iIi*T-H^Lfcii^t4 (117 #11) . 
i>) f^ZSt(Dm^. (□) |gl®i:^7t<*t»'vxu 

Mrn'mm-t^m-^ msm,) ti, (^) mzmt?^ 

a (DH) g^^jH^IC^oT, %7tlgW-gP(^)a/jN^Jt 

icf>*-;u (t•>(^J;^^f?L©^a<^a/]^'i^L(7),w.) 

•5 ('^) roji^ffMi4cro«intJie5|iroDHmig(c:^^pia 



(9) ^mW- 1 0 - 5 6 2 0 2 

16 

$n^t, •^•®KIS|{cftA-r'I.SffiWi|!4*<liA-5.o as 

c©Sl!-^t±;K^(i^^ftO'i'>v'!7AjB^ (SK) cofi 
T^rlS<. ^7t#©'f vv'>ASafiK®f£T©)I-a-<.Hil' 

[0 0 3 01 ±IS ('v) )S(a5«©fg^ff?mo#«E(7)W 

mt. m^iizA-f^tynmi^^mm s i m 
*iMr-#^. mimommx-mimtrnzmto^t^ 

-t.^^j:tgj!lD5r/TR-r7"D 7 7')' n^i^mUti', 
[0 0 3 1 ] *5IBfl7?tt. ^2B{i5E^tjl±l;:ii«-r^ 

30 A • ^ > •>- AS^B^TtgO^BfiSc^ri^T U /i^l±, -e <0 
±l=M<br;U5 A -^tj-^ ASS Sr^-r <!,/;: i<)(C 
)iE:S?Sffi5r-eroflH^a©)5S6^(cjg-r^ 1 0 0 OtSrSSA* 
?Sa(c±#$-a-^0*<Ji^T-*^ (M i c r o e 1 e c 

tronics Journal 2 5 (19 9 4). 

6 5 1 -6 5 9M#M) . dOl^Sro^lc, 5IJt#:?r^<£ 
1-Mft*'U':7A • ^' >->■'> A*>f,^j:^¥«meL<l± 

w&mv^^Bmtm:^^ji^^'-^^mLx^^wms.(om 

S*<jtffL. a s-g r own4^ElcS$lt.5^7ti*Oll 
M»cSJgSrM^li^tSSiJ$n*, 0 91*8 3 Ot-e)^ 

40 s$-a-/i'r>v'^Affijsj±$r6% (0. 06)t-r'S.a 
fb*' u A • > •>• A f> ^ m^m^ t wfiX^ji 

7f^l^T;U5-r>AffiggJt?r 1 0% (0. 10)tL, 

gl¥5r$^ 1 0 0 nmt-f ^Mfbr;!/;--^ A • if^J'^l^ 

m^Bm imzm) <Dfm^^&x$>^ i i o ovum^L 
tzmo. ^^w<Dmm(Dim^fr^tmmT e uiM.xh 

mT«^) BftSTEM?±(c<tO 

(114) s!c(<M4lll||^ftro^7t#: (116) tiSiMcgt 
50 «LTt,>4 (12 4). S^«*<^S^(c;i^7Lfc^<!:(cH 



(10) 

• .17 • . 

(1 2 5) ^)gi^)f.n«, 
JO 0 3 21 mim. ^2gstf567ti.?^'?>«fi£$n^ 

±iB©ii 1 m/^^i^/m 2 »*^^.'5^'5i!^«fi!t*<a$ 

( a ) m 1 2 Jl (IH^ r/j i4jg^ 

( b ) ^ 1 m/^9iW/m 1 Jl/fl7¥;#:/m 2 g 

( c ) m 1 g/l67tfls:/^ 2 B/5il5t#/S 2 l/^7t 
cnt.©g^^«ig(±-9-7T'f7. i^{ka* (S i C) 20 

K^bffir^ (zno) m<Dmim<t^^mi^(ojmmt 

Lx. '£:^mmim^tLxmm.-t^zt/)<x^i,. 

S1S(C(4, isv-^u (Hf) l?0^)SM«if4-^t<t#. 
y-^A (GaAs) -^U Xk^'J-^A (GaP) 

'Dji;^t&?«ii©i 1 1 - vKfb^t;*i»«Sa^BS L < {± 

v'j3> (s i ) '^m'mwni.'mx 
««B^s:<t-ri^sffioffi:&fi[-^^7T>r;u (o f f- 

a n g I e : 5 X+ 'J X >x- -> g >ft|t) l|©tt«(4 
aJilRT't'SjlHlc*^. mcif^)'^U (GaN) ttS 

?^e^«*^"0. 5%*?it/J^$l^'J^'!7A (L i ) t 

^'J-^A (Ga) sEl.n4iJ^'>At7;U5-'>A (A 
1) tom.'^W:c^X-$)^^)=S-'^ UiS-V-V (Liz 
GaOa ) ^Ug^-^AT^bS^-h (L iz Al O3 ) 

mhm.tLxmx^^^ 
[0 0 3 31 SIC, 1 w%imm.mz^ 

(A) a* (S i) l|ronJf^K-/N-> t-^H--f>^r$ 40 
n/-c+i'|JT}gJt5:|^)l ~5 X I O'^cm-^tL, gif 
*<i^2~3um©nff^S<t*'U':7A (GaN) Mt-^hti 

'?AMfiSl:t$:6% (0. 0 6 ) t-r-SMk^'J -^^ A ■ ^' 
>v'>A (Gao.D4 I no.ooN) ^Tt^^i^^k*" 'J A 
Slid^'^.'i^SlTtl, St;T;u;-'^A*afiKJt?rl 0% 
(0. 10) t■t^^r;^■>';7Ai:»^*^•K-t•>r$ 
n/c+f ')TjgS5riii^5x 1 O'^cm-'-Sx 1 O'^c 
m-='i:L, ^)15rfcfcJ;-E-5A^f>2 O.nmtf -Spff^® 
SltTyi/^^-^A • ^-iJ-^Aig^a (A lo. loGa 50 
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(B) eSIt (S) l?©nJgK-/<vh*^K-t>r$n 
/■c+-1'UTSft^i^l~2 ox 1 O^-cm-^tL, gjf 
/6<*^I~6um«nJgS^k*''J'^A (GaN) mt-^h^l 
^%\m. iiaSri^4~5 nmt1--5I*4^-e'r>y't7A 
fifigj±?:6%(0. 0 6)~10%(0. 10)t-r'5 
Mfk^-'J -^A • -i >v'>A^5tfttT;^5-'!;A,fflfig^Sr 
^1 5%i:-r-S)M{kT;u;-'!7A • #'J •>ASS©Sti 
i:*^f>/d:*5l5tB. St/T^uS^-^AfflfiKit^:**) 1 5% 

(~o. 15) t-r^vr^v-^/Atsifi^^asjD^n/c 

+ -i''JTjgJK<S:*^3x 1 0'°cm-'»~6x 1 O'^cm"^ 
tL, )lJP5:fcte<J:-f-5A^f> 1 5 nmt-f^p Jf^®S^k 
7;U5-'>A • #ij>?ASb^b (A lo. .sGao.BsN) *^ 

gcg^tt^r*^4 8 0 nm~ 5 6 0 nic^hir hmm.%.m} 

(C) +1- 'JTgairiii*j5x 1 O'^cm-^J^ITtL. M 
ll$rl^;5~5 0 nmro|gHi:-t-i,nff^oM{k#'J •!7A 

(GaN) gE<,>t4MfkT;U5-'>A • iS') umti^hts. 

«i$r*^5 nmOTi-T'&^ttroM^kjV') '>A • ^ 
yV^l^iT'htli>^%Wtm.it7)ll-'^l. • if 'J -^A 

m^^^i^t LxmfSi^ti^mmtA^iofj^^^mt. 
mmmzmmbxti^ fi?#pjSit tzmrn^ u - 

(D) +i'UTjgJtS:^JA{f. *«)5x 1 0'«cm-W 

iL, l)?5r*^5~5 0 nm(Ol6Hi:1--5. nffjrogfkT 
;U5 A . ;if ij ■^Agali (A 1 « Ga.-» N : O^x 

^1) i'ii>tj.im\mt. ^yv<^hu^\t^mi% 

(0. 02) -8% (0. 0 8) OTtL, ilg?r$«j5 

nmJilTi:1--i.ft^#:ttOg{k#'J ^ u • ^ y-jr^ uiT' 

1 € t |ilfllro{±»*^ bn£^^2Bi:ro'vx Dg^^lF. SriS 

U — 9-*- 5'V ;f - K . 
[0 0 3 41 

[M 'f'>->''!7A^WIII «Mffctl{k^t|i|i««:*^^ 

S^k^rt/s'i-r. 
[0 0 3 5] 

m.m\\ 

{Wm 1 ) ^na^cDpJffl^rMfk^-'J A ■ 
ti^hts.^Wt'i^kimxxts.^m^Wty^^- K^^Jlc 

SrJfML/Co S^lcCiefi^rS^O. 3~3«mt-r^5'' 



01) 

• .19 • . 

n/i (0 0 0 1 ) ® (CS) ^77^7 (a-A l2 0 

3 #i^B^B) ^m^uz. »s ( 1 0 1 ) ©lisgfji^n 

fc^Bli. '^-tm^W'm. (1.0 2 ). OJfM^ffitfc 
4i)icrtmk^*fe 5fe-r, TirhV(aceton 
e) l|®WII^<«(-J: OflKflgLTitiSta^ri^ \Z:^iS:^ 

I*fflroii5*ifiS©7'y'fbT>t-'>Z> (NHa F) tK^ 

a®«r*DaLTiaS$-a:fc. 10 
[0 0 3 6] m^bL/c-9-7r^'TS« ( 1 0 1 ) Srffi 
< -m)ti^^-n^<n\KCi C V DfiRfttPlc#=^1-'5 -T > 

$:-H^ U+iV— >-7') ^"im-t^mM 
Sr-ltiaLfc^^«©T;U3'> (Ar) #XTVN-— >- 
(purge) Lfc. /J>M05'--K^^;K>7° 

^ icgf M L /So c: T ;b or > #x (c J; -5. / N- - vffi^'Fifeo-' 

tiLfco -eo^. T;u:3'>*'x$:#xyX;u (I2I6# 
M) F*3$r/M.T»Sii$-li-r*^M0CVD]^lt;j^t'f > 
J'-n y ^'^t5:Pilt1--g,Mfi»Sroy- h# (g e t 
e valve) ^mW&tL^ -^yf -ay ^M^n 
MQCVDRmiP^^y7-(7mm (l 0 1 ) ^rJSSiML 
)t„ ■t>-7T'('TS1g (10 1) *^MOCVD;S;f5^PF*9i:: 

tta^nroi.o^rMO c V DSJC!i;p(-Kit/si£^Sffl^ 

(-^-f > K-^ (w i nd ow) 77>v) $r/^LTBi^ 

f^#t^/^•7-:;•!?A (Pd) mmmi5^^ifizm.<^t^ 
^is^i:»mLxwimmizmm^ntz7m (H2) ^-x 

$r«fi!ct'i.m#:ffl5r7K«#Xlc|E^LT;i)^t> 5 
^, ±IS©S1S3£lt^SrS-r^. ■fe75-y^'t-5'-«r 
xuy >hi-r-S.fiin;i!)P^Mt-5'-(c1S?rjSAL, 
»g (1 0 1 ) <7)giS5rS-S*^^ I i 5 Ot(c#SL 
A:, S« ( 1 0 1) 5rPaS(;4 O^H^JtL. 

v;l.x.y^>r5r*feL/-c, 
[0 0 3 71 ffittiD^St-^' — ^(Dfitjgm;'? 40 

ftSr-MUT, S« ( I 0 I) <oajt$r4 2 Ot(c{gT$ 
#Ac. 4 2 0ri;:[i^T^, fa)t**^S1--5(cMSilI*«j2 

5 5}FB^m#Lfco ;<orB^(cRjt-*p'^mi&-r.i.7K^,#xo 

}Stfi$r^^8 'J y hlim^Ltz. m^'ik. MOC VDR 

js^i^ic«s$n/;a«s®'^(fi](t-r/xji. (ii6# 

m) ^-ft-LX, 9c-rmm (N) jgtL/c:TV=e::iT (N 
H3 ) ^-x^r^^l ')-y h)l<D-<^Wir'{M^l.. )5Kft^H 

0 C V DS:*SJPl^'^rof«*g$:iai^ Lfc«ffiT% *- 'J 

-^A (Ga) mnm^mtihL. mitif<)'yj^ (ca 50 
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N) A-'i'^f-Sffia^ffi)! (10 2) (O^EMOCVDffi 

.^Mmon_!U.f)Utf >)'-;l.A (CHs )-3 Gal «:« 

fflL/-c. M;;<^;u*'U7A(^^|^'N.(7)iM*tM(i^5^2 
X 1 0-«t;b (mo I. ) tLtz. fitoT. mitif*}'^ 
A (GaN) «S^«grofi!clll$I^S*{t'5^li. V/ I 
ilitti*^2. 2 X 1 0" tnj^/c. h ij 7t^;U7ViJ 7A 
oRjS^;^F*?-sro<Jt*t5r 2 O^FellwrnOiSSiSgLT, BUS: 
1 5 nmt-r^i£fi^«Ji (10 2) Srff fc, |ll-fi!cft 

[0 0 3 81 is.wmm (102) (oi?gftt±7tr'j 7 

•S.M#«?r7K**^'iT;l'3'>3!rx(c^gSLA:, T^un'v 
^xroBSMSrS U -y 7>*-T#x<^>8S*S: 

1 u ^y hii/^t Ltzw^m^nTx-mm ( 1 0 1 ) 

1 1 0 OTC(c±#$-a:fco s« ( 1 0 1 ) roajs*^ 
1 1 0 0X:iz3muzi^j§,X'7mif;^<DRiz^ip^(oim 
S:«»3 y-y h^KOSaiSrto-rBML/i. mntXT 
y=e:=-7ifX(D^m^^(om^S.m^& 'J 'y h;n::ti 
jDS-ar/i, iW7K3g*'Xg£i,^t±r >^--T*'X»^jDg 

L < w««&«®iiSD(c#^s« (10 1) (oimomm 

ffjfmh§imin^titzm,^.x\ ±i5<7)#u 7Afi?rs; 

h 'J^^yu^V 7A?r$5J2 0 5 'j U -y h;u (m 1 ) » 
7KJK*'X(CJ:I)/N'7''J (fgj&) t^Ctiih^XR 

>j yyifxo)K!tip^(r>muizmM^-^x. mm (s 

i ) <D K-fvrA'x^rRfCJpM^^Ufc, mmoi k- 
f>r#X(ct±, #«8i«4:iii^5ppmi:-r-i.7K«*«R 
©vv7> (S 12 He ) ^x^rfSfflL/i. ^iJ->7> 
#XcoStMl±«^ 1 0 5 'J U -y [-;U<k Lfc, Ajg 
lf«eMs&?r9 0»r^lcMOI8MLT, ^i- UTjiK?:**) 
3 X 1 0 '«cm-^i:L. SIP?riii^3. 2 itmit--^ nff^ 
©m*''J7A*^«^./j:**^Bfl(^)E7SlJi (10 8) 

[0 0 3 91 <X1^, S« ( 1 0 1 ) oSje^rm 1 
ftSa*^b^7ti*(7)ffMSKT-*^ 8 3 0 1 ic*^ 1 0 5J- 

ro+i''JT#xtL,Tro7K^*'x©«$&$:ff±Lfc. T 
>=e-T^x©Bii«5r§5^6 U 'y h ;uRi>'7;i/3'>#x 

') 7Ai)i;Rt>V >v7AiIiroSJtv¥.'\<^«*&5rr»^<iSL 
fco 'f >v7Aailc(i, $S^<i$r 1 fitf'SvJ'D'O 
vx^;H' >v7A (Cb Hs I n (I) ) ^Wffl L 

MliSJ> I 2 0 5 'J ') y h;KD7K^#X(C •) /X;U 



• 21 • ^ 

(06) %:ir-i-xKi<ipmm»Ltz, Tif'j-^Aigiia 

St>V>V'^/v®^|t<^ifi|'*§« (111 

'^Asst;^' y'j'^uwMm^ i s^^Hi-aom 

i(^L/c^, III iS!S$4®m5:<?ihLTM{t>!r'J'>A • 
'f Vv'-t^AierB^d^bJ^i^JlTt^* (111) ©Jgfig^r*^ 

U-^. fSj. §I31£#: (111) (^ffMBtCiti. fiSftlF^F^Ic 
ffilfi (Zn) © h'-f>i^#x?r)3sSDLfc. ffiiSOK- 
fvr®(ct±#:«i8Jt{c:LT*«) 1 0 0 p p m(cffiJi£S7K 
^#XT-«r^R$n/cvx5^;Uffi|& ( (Cz Hs ) 2 Z 
n) 5r<SfflL.fc, 

[0 0 4 01 WciS^) ' ^ >v>>A|*fBi**^'i^C* 
nft» (111) ©JfMBtlcfc. |il6(c^^vLfcyX;u 

5rfiJfflL./-c, ^O^, m 1 offiiflK (06 I^EIS ( 1 2 

2) TvTx-T) o)Tmtf^2 0iit^^ (laeiciis ( i 2 

3) -P^-T) ro±®t©r^Rlti2 cmCiHSLfc, IP 

. (*^^jT-(iC5 Hs 1 n ( 1 ) tNHa ) i:<^^<i 

v'^A^^ft (111) (Dmm^z^m^ 3 2 5 nmi-r 
(111) rofiS)liB#(ci±, ±iE©ffil&ro h'-if>ir^(o 

li^iiT-*^*<SS?ftSr|^)3 8 4 nmt-f.i.iam^X'^ 

r^A • ^' >v'>AigfB#*^^,;^j:^^3t;^*tiil^i(^g|»^ 
T*^2~iii^3 nmtt-SBS««{*T-$.-i>i:¥iJ8lT$n/-c. 
cnt.®%3t#: ( 1 1 1 ) ti^ 1 B ( 1 0 8 ) roas± 

li. mitif') '^i^^i.wtt^mm (119) *<STtt 

fc. ( 1 19) ©HJitifiEia, 6 0 nmtSiJS^n 
V=. BPt.. *lllSfe«i>J©l5l^t^ (10 4) l4S<t#U A 
• -f Aj*BSB#;*^bni:'l.^7t#:t^ 1 H^r^fiKt-S 
'>A5r£#t-r^sii«N<x,«/^$nri,^^^,«) 
tig*!) "in^:, as-grown ttMT'|l3t#7!i<^ 1 If 

-^^ Afi)c5?AN*irnS{t*' ') A'v i^l^J'li^r^-f -5 *<$D < 

10 0 4 1 ] m.ftm (10 4) cOffM^i^TLitJ^. S 
1g ( 1 0 I) 1 1 0 0tlc±#$-ti-^c, 

X©f»&5:Ww^UA:. 1 1 0 0t(ciiJilLTj«j25^PBl«r 
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1 3ttc(St$Lyc:, h U ^ A(D^M 
5rfa#-r-S/N*7'iJ >7ffljtc07K^#x©gitS(±«»8. 
0 5 U U -y T;b5-'>Ajg(oi±h "J 

y^;u7;U5^'^A ( (CHa ) 3 A 1 ) 5r^fflL/-c, 
h Uy^;i'7;i'5^'^A(itt^5tflS«(-J;t) 2 Ot© 
liiSic^i^Lfc, sS^tL/-c h u p'g^;^T;^5-'!7Aro/^• 
lO 7- U > irizmt^THmifyt. O^Rii 5 . 0 ; 'J U -y h 

o^mizmiommLxmmm i o o nmt-t^^mm 

©^•9^21 (10 9) T-**M<tT^l'5-'>A • #ij 

'>ASB^B?r)5K^L/-c<. ^2^(109) <Dfig*B#(ci±, 
pff^©K-/N*>htL-rv^;^v';7A (Mg) 5r^iDL 
/•c. -rr^v-^A© F-f>/g.{^(ifx-y^;Uv^' 

□ '>C>^'vi::i;U-7r*V';7A (b i S - ( (CH3 C 

5 H4 ) 2 Mg) Sr*iJfflL/-c, K-f>r$n/svr^ 

-> A ©is^gaii zd^-ft >nm^mm ( s i m s ) 

20 (ctsntf, *^ 2 X I 0 '°c m-=r-*)^fc, -75, -^w 

n£mi5?c-v?ir-aij:s$n^m2s ( i o 9) ©sb© 

*-;u (iE?L) SSCiSi^l X l 0 '^c m-^T-*-p/s« S 
/i, ^a©7+ h^l'S^'y -trVX (PL) X'<^' h;jU© 
'<> K«8^g*^f,»ai Lfcm 2e«r#lR£-r5MffcT;^^ 

-'^A • '!7A?lB^B©T;U5-'!^Affl^Jt(4 1 0% 
(0. 10) T'*-3/i, 

[00'4 21^2)i(109) ©mr^U? ^-^A • if 
'J-^AJi^B (Alo. ioGao.9oN) ±lc{±. 
A (Mg) ?: K-f>:?'LfcpJfJ©g{t*'iJ -^A (Ga 

30 m m^=i>i'^ hm (1 0 5) ttrmmLtz, 

^'i' (1 0 6) ©+l'UTigjet±*^j6x 1 O'^cm 
-^tL. mm<.m l O O nmt L/-c. nv^'J' (1 
0 6 ) S«S«5r l l O Ot J: ») 2 ot 

/:»©?^*PiagT-8 0 Ot(c^SL/c. 8 0 Ot 
(cjg^TLfca, |5lSK(ciEBi{c2 O^^Palff^L/;:. 2 0 

[0 0 4 31 (10 4) ©fiJcMSa (8 3 Ot) 

j:')ii5?a ( 1 1 0 Ot) (ommTX'<o^nmmi:mML 

40 tz'ikiz<%mtltz^^^mmT E M?i(c J: Oli^ l 

/■c. E 1 0 izwiii^mm=e- Kr-a^$n/-c^7tgi5©TE 

M^«rKiCW(c,T^-r. %3t*t; ( 1 1 1 ) ©^< tiS 1 ffi 

(10 8) ©affi±(-ftt). fflSlcSJS^r^OilLT^'l. 
Jf^iSr^ki'iLfctiBfi^n^^Jtl* (12 4) ^>#ftL 

fc. ii7t#©i!i!-&*<*i(cg|^(ciitf u t ffi:^ $ n -s. - 
iiiiim^^tssMwmswi^wmT-ti, ^imt^z 

tz. 

50 [0 0 4 41 JfML/saS^*«rffli>T5il7t5'V3j— F 



(13) 



10-56202 
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(LED) ?rfP8st/i. n'mmm (12 6) umm^B 
-15. pmmm ( 1 2 7) tiav^'^ hs ( i o 6) ± 

icJg^Lfc. gll 1 lcLED«)fBrffi^ia4r^-r. fPS 

L/;LEDt::)il:)5rfSu::5-i^;uh (V) ll)t«OSE$r£PiD 
LT 2 0-3 0 5 'JT>'<7 (mA) (Oli3^|6]©«gt«: 

ro*'DS?*t±:*J^, 4 4 5 nm-e*^fc. il^ig'f*^?** 

tz^^iht)lim 0 . 8 1 . 0 5 'J 7 -y h (mW) W. 
JS:-e*)0. 5lifctil:^fl*)lcl±. St*OWfeLED{citlSL 

(0 0 4 51 (^mz) mitifJ-yi^- ^>-y'y^*7b^ 
(ig!^?SL< (±iIS) St;ig2fli 

[0 0 4 61 *j|]!ft^Jl?ti. I5l5t#;0'r Vi^-^AWififig 

% (0. 0 6) tL/=, m^wcommmz-i 

;U5-'^AfflfigJ±t±|life^J 1 CO 1 0% (0. 1 0) 
1 2% (0. 1 2) (cJtip$ii-fco z(07)i^i--yi.m 

ros:f5JP'^-ro{**gMSr3ISfe«»| 1 (citU 3 o%iia$-a-« 

'to 0 4 71 Ell 2l,t-SSimf£'<t>i^~>9' (ion 
-th i n i ng) (cJ;*)fiJi^tLfc«g^*<08ffn■*^^, 
a«$n/cBr®TEM{Sr-S>*. Hife^J 1 EftroWfeL 
E D®%7tgPT-l±JSt'^g^$n''J:«^^/c^ 1 € (nBM 
^k^U-^AB) (1 0 8) tl|2B (pff^M{t7;U5- 
■^A ■ if')-^L.m^Bm (A 1 o. izGao.ssN) ) ( 1 0 

9) t^mmmLrm^mmtx^^^mi (i i 
1 ® ( 1 0 8 ) affi©««(i, ^m^ 2 o:^©tt-i.Bfl 

liff»fMTEM?i(^<k^li^ffiifF^T-^^tL. 0ta5~ 
4 0%flST-S.^^c, «ffi«^7ti* ( 1 1 5) £0;^^$ 

(ilfi) t4t5teJ;-e3~4 nmT-*ofc, 

(115) <7))aH(ct4|l 1^(108) i:mfS.ti>mit 
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#'J'>A*^f,±(^«fig$^^^^^i (119) 
r\.^i,tm>!t>iHtz. ( 1 1 9) mmtllfj 1 5 n 

^Tte ( 1 0 4) ti, mmmi- 4 nm tv^^^m 
muimL^>)Xt-r^mjftm^mtELtzmitif') 'y 

to 0 4 81 (115) ^^ts^yt&i 

i:m^tz±m(ommm^ t> l e d l/co m^t^t 

10 fc. BPt.. ^3t**J«:«figi--5M<t*'y -^A . ^' vv;^ A 

JSa^B^iO-f >v':7A«fiKJ±^riE{l:$-li:-5Ct^<f<. 
#:»Ataafetfl-±g|5^'7 y K@-e*'l.g21©7;l/5 

fffeck 0 g»*ffl^^^^^f L L E D im^ixti. mxus 

V '>A(;T;i/5-'^AS:f W$-a-M{bT;u5-'>A • ii 
'J -^/ Ajla^Htnt-l+tf. tS^£IS(4M{t#iJ -^AJ; O/hi: 
tt^. M^b^'J'I'AtC'T >v?>;7A$r^*$-arfcM 
{t#U A • ^' >v':7At/j:-a-(i1S^^g({4;k;ro:^(pI(c 

20 r;us-'>A • is^)^um.l^<n7)\^x~'^uWiWaYc^^ 
'):^i:1-n(f, 5g^t#«r«^1-«Mfb*^U -i? a • ^' 

'>Atwt&^;F^^ai±Ji*D^-5« 

OilS*VJx-eJ,n{f. IP*., PI3fe^*®i*«*VJxi:;5j:-i,(c 

$n^„ ^2Ji?r«fiic-t.5M<tT;b;i':7A • -^A 
^ia^Bror ;u 5 - AfifiicJt©Ji;«;Mt>'(c5l7^#o#:tlro 

10 0 4 91 (nsfe^ija ) m*"') '^7A • 4 >v'>A/{)> 

f>:^<i:^^7ti*0;^§$ (Hg) . ^^l>'^ 2 )lwmT;b 
5^'^ A • #'J':7A?Ia^aS07;U5-'>Affifi!cJt5:SlC 
L-T^t'SLEDSrWfigLA:. 

to 0 5 01 i^-mm\x\.u ^y^y'iuu^mmi^hm 

OWfeSt>'W*ife LED <r>m^ t m-O) 6 % ( 0 . 0 
6) tbUt^ibt. ES?:*^5 nmi:-r-5M{b#'J -^A 
• -f Aiea#;A^^,^j:§56Jt#:Srf^JfflL^. 

hmmmmt 2 l/c„ 1 ~ 3 l-t 

BfraWntJi^ (rItIS. u*.±*<'9Btra) %:mt^zti 

50 2m(o^m±^<o^^mmLx^muzo ^zm^ 
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fiKtt(±, wm 1 © 1 0 % ( 0 . 10) ^xswm i © 

.1.2% (0.. .1.2) \ 5%. (.0. . 1.5.) (c.«Ad$ A ...... 

[0 0 5 1 1 -mtfjfl^^>i^--y^ (i on-th i 

n i ng) iz^ommitttimMi^ommmtftm 

D«%7tSPi:|5)«(cSlg (nJgm^U-^A^) 
cisGacssN) ) tmm. ^mLxm-^mfSitr 

mwi^M-i^m^^ntzimh^ 3 o %~ e o %saT- 
$> ^ fc. 4 0 7 0 %<ommif^ imtf^z 

».XLxm^wm(D?m%: fis-r ^ tz. m 

A(^l®) i:MfbT;i'5-'^A • -^/ZsJIS (^2 

m) tom&m^'bmiiR^n^tottji-^tz, mfS.itm 
A-'^ttm.m^WLMmo^im^mm.miz^^mMm 30 

[0 0 5 2] 0 1 3tiS I MS5^1fflcJ:^«)l#:0«a 

^ iifJ-^i^, i'>v'!7A. 7;b;-'>A:5^r/M^) 
-r^vrofhi'Jii (.-(t>t-y>b) St^sLti^^. sK-S 

h(ion count) > (S|^) =t; ») 40 

m'^MzmmLx\,^im^x{i^ ^(o^mi}mm7tmt 
(f> mmmi&t^mf$.m<Dmf&7immizmcxm 

f6ro5J^fi$rMLri>^, L«^L. ?g7¥:5fi5 (1 0 7 ) (75111 
l^yiM<D^&7'ay 7 Mm^tit<Dtfl'>tZo W 

i > V A > « * > McJgM ?r § /-c -r$Ill!c i: 

tmimw.bx\.^^ztx'^^. 7;i/5-';7A 
St- >(omtizM.mf£ism^tzt&s.t -f > v ^-r 
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(O2 ) 'TsTv^l^ti-tv'^A (Cs) 'it>tmWL 
_XhZ<D7)lS. =^_'y i>t^ > •>■ 4 ^. C t S:/T5. 

s tiimfi^nM.ii^mi^f>mLtzmnmm (t i me 

of F 1 i gh t :IIS*i;TOF) as IMSSripJffl 
L/-c^1ffT't> mi 3lwT^-ri:|5l|$W7'a7T'1';bM# 
^.n/i. (10 7) $r«J?£t-5T;l.5-'!7A$:# 

t^mti.mtihts.<m2m (109) sr/i-rMftr^us 

muttzmtim^i^ ( 1 1 1 ) $riifig-r*M{b#'j 
A • ^ >v'>A$r#t,m#'j -^Asta (1 12) an 
iziifiw z(7)mm^±o)mmi:h^xtx^ zm 

A • 'l'>v'^A^3¥;<*i:m2gOS{kr;i/5-7A • is 

*^%SJlctiiD-r'Sfi[S*>'^ 1 H ( 1 0 8 ) ( 1 

2 9) iciaiJ-St-r-Siiid^f, m \ 3#M) . ^2)1 
t^TtftliU 11(10 8) aM±©^-S.fI«l5ffllc« 

\.zvm.<r)%%U^m 5 lcji,Tx Lfc^iP < cD*^Hfl(;:{^^b^ 

^■^muf-^mt^nfzib(r)x--»i':,x^ m \ 3(c^/t^l 

^'^■^\z'^mi\z)imt^h<nxi)^tm\^Mz, 
[0 0 5 3] zn\^-^mm-^hti^%%n.-kmA.fziLVi. 

2 0nmT-*f9> ^Ttfeliiiifeinj-^/i, BP*,, iitfell 

7t(cj^rc;-r4i;^/u+-+'i"y7'$:wu. 

UncB-f > V? Affi^J±©Ml:# 'J A • -I" > •>• Ag 

• Vv'^AjSfai*;©^ Vv-^AlifiKit^rWfefflii©^ 
n(citL^{l:$-a-.i.3i:;i<, ^7^#:0;^t$Mt>'(cS 
ffi(^«)$(c|£KtSD;l. (SiE.±^fP^'7-y Ymxh^'%1 

m<r>7)\^\~^u.mLkm^^^^n.wm.'(i\:z^^^ 

^HJt^rS-r « LED 

ifhfzh^ntz. 

[0 0 5 41 {mm) '^mwzm.^ ( j p n. j. a 

p p 1 . Phy s. , Vo 1 . 3 4 ( 1 9 9 5 ) . L 1 

3 3 2 --L 1 3 3 5H#il) . -T Vv^ Aiafigirb?: 0 . 

4 5 tt^. %^ >v7 ASfiKitroS^b*''; -^A • ^' > 

A?i^Hl*^b/<t'51ttrofil7tf*?:ffl|^/-cJifeL E D 
^rfPiSL/c, COLE Dfflj4(7)«l<*(±». HJfefJ 1 

te^iJ 1 iB^ro-t^-7 7'f TCBSrffli^^Co C(7)S^ga®± 
(-lll!ife«i>J 1 (cifBeroSrbJVU -^A (G aN) A^^^j:§f£ 
?gil}ff)i$:ii«L/c-S>f*. 11^ (S i ) $rK-f>rL 

tznmomitif') '^i^mi:m\mtLxnmLtz, 

f^, fi£*?SaS: 1 1 0 Ot*^-^ 5 5 0 1 l^|S|S$^f fc. 
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h;i/;^^'y-fe>x (PL) ?±7&^^.Cii' >v':7Affl^it5: 
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0. 4 7S«r*)ofc. 

[0 0 5 51 m.m\ 1 (c^*^,^fiKM^gS^^r 1 1 0 Ott^lSE 

T;b5-7A • ^'j7A?lB^B*^f>/j:^S2gil£t/(Cpff^ 
©Sft#';7A (GaN) i^f.Ji'S.nv^'^' MSrH 

f ;f V •> > -r > rati J: 0 f^Si L T , IffST E Mffilc 

x^^%^(D\i^mmwL^^zmLtz, c^s^ic^cn 

> (i«'1'>v7Afflfi£Jt (0. 4 5) OS 

^t*'';'>A • -r vyAss) Jio*S2« (pmomitr 

E umx-m^ $ n/-ct&^ #7!)^ t.^jwr l t t Mzm^ 
omi'^mm^n^horibotz, ±mLtzf^imt 

ii<DX'i)^fzo 
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* [0 0 5 6] zm^iumm^mf&^mLtz^^im 

7°n7T'i';U5rBll 4 (cir^-f. crogil$:^[6]c7)jg®7'a 
7ri';Ki||Jfe«*"J3(ciH«t|5l-roS I MS|giii:|il- 
i'JS^#T-e»fc. 3?JtS|J (10 7) izmi^mmyim 

LT c i: t -3 t-€-©#^eA<M/t^§ n 

•S)S2^ (10 9) Og{t7;U5-7A • #ij 7Ajia^B 
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L r fc 0 . mmn 3 oJi-^o^n < ^' > ->- 7 A-i-w#:;6^ f, 
?i -s ^^m^m 2mi,z^a^nx\,^^mmti,±M.S:ii ^ 
titit-ytz. mu<m\m (i os) t^mi (i 0 
4) troji^ (12 9) mmizmm^ntz, m*>. m 

2 1 (1 0 9 ) 1 1 ( 1 0 8 ) (DmMh[z-m\zm 

^tntzm^<Dm%m (104) ^irLx-^mmiz'^m 
tntzimxzth^ot^s 1 usi^mm^t^hiimmzn 

m^ntz, 

[0 0 5 7] ^m.mx'mfzmmwi:mvx. nmm 

20 1 [z%m.t.m-(r>h E D5rfFiS L/-C (0 1 1 #M) . it 
gz-fv^ro-^^n/Notaif^ffitcStiS^n/citji 2. 0 

0 0{i«LEDcr)!f$tt$r'^7°a-/N--{rj;r)j^fiL/c:„ 

*^fi*#(±)ii:&i6)m/±^ 4 . 5 V i L, mn^m^,.^ 2 

0 m A t L/C, LED *^<i ©lljfefett;^ i^— f S. O , ^ 
ji^* i: L L E D W * (c l± . lE^/j: p n $ n 

ftL-'il^^^^tiSaicLT^^*©^! 5%«LT^^A:. 

t^^smi^aro^ 3 0 %\.zm^-t^ L E Y)i,m%mi^ 

30 i^5 1 0~*^ 5 3 0 nmt-r^*|fe|g7t5:MLit. *'Q 

vi\'(r>^mmit^mLxm^ onm-eS)^ 

fco R 1 lc*ife^^7t$rM-t^*it6<giJWL E D tH* 
m 3 L E D i: mz^wm'&.o^m-t i 

i^-^K'o^.^xmfnt^o ^^m^zi^^t>^'ijt^(omis. 
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